The classification of hydrocephalus into communicating and non-communicating types is still largely based on the dye test introduced by Dandy and Blackfan in 1914 and 1917 . They used the appearance of dye in the spinal fluid after its injection into one of the lateral ventricles as the criterion.
In the same papers Dandy and Blackfan described a quantitative urinary dye excretion test. They showed that in cases of hydrocephalus the amount of phenol red which is excreted in the urine in a two-hourly period after its intraventricular or intrathecal injection is less than in cases with a normal cerebrospinal fluid pathway. The excretion patterns fell into two fairly distinct groups according to whether a communication did or did not exist, though it was suggested that there might be an intermediate group with a 'partial' communication. The reduced excretion results were assumed to reflect the reduction of the available absorptive surface in the subarachnoid space. Their observations were based on a small series of cases and in only 15 of their 26 patients was the anatomical site of the blockage causing the hydrocephalus known.
This work was shortly overshadowed by the introduction of pneumoencephalography with its wider application to other conditions (Heuer and Dandy, 1916; Dandy, 1919 at, one, two, four, six, nine, 12, 18 and 24 hours after injections of the dye. As the majority of the subjects are infants, it is advisable to catheterize females and to use Paul's tubing for the males. Care must be taken that no urine is lost, as this may considerably alter the result obtained.
Estimation. It was noticed that the pink dye in the urine faded slightly after 24 hours, especially if kept at room temperature. This is due to some constituent of the urine, for phenol red in water remains unaltered for days or weeks. The urine sample should therefore be stored in a refrigerator, and the dye content estimated within 24 hours of being passed.
The whole of each specimen is rendered alkaline with 10% sodium hydroxide until the intensity of the colour ceases to increase. The volume is then noted. About 10 ml. of the alkaline urine is centrifuged, and the colour intensity of the supematant fluid is estimated in the photoelectric colorimeter with a No. 604 Ilford filter, using centrifuged alkaline urine as a blank and phenol red as a standard.
The phenol red standard is prepared as follows:
The contents of one ampoule (6 mg. of dye in 1 ml.) are made up to 10 ml. with distilled water to prepare a stock solution, which will keep two weeks or more in a refrigerator. Just before, 0 5 ml. of the stock phenol red solution is then made up to 100 ml. with centrifuged alkaline urine. This will keep for six hours.
Calculation of the Result. The dye content of each specimen (in % of the total injected) =reading of test x volume reading of standard x 10 A histogram such as the one shown in Fig. 1 can then be prepared and the total amount of dye excreted in the first six hours calculated.
In order to obtain reliable results, the full cooperation of the ward staff is absolutely essential. All urine losses must be reported accurately; the child must have a good urinary output and anaesthetics must be avoided.
The absorption of dye and the subsequent excretion in the urine should be a smooth process, however slow. Erratic excretion results indicate that something has gone wrong with the test. This may be due to faulty urine collection or to erratic or suppressed urine production resulting from dehydration, vomiting or recent anaesthesia. To detect some of these errors, urine collection is continued for the whole 24-hour period, rather than the minimum six hours. Repeated tests on the same patients under similar conditions show that the results are reproducible. When the test is carried out after air studies, the presence of air in the cerebrospinal fluid pathway does not seem to alter the amount of dye excreted. The children tolerate this form ofinvestigation well. A few reactions have occurred, usuallyin theformof a transient pyrexia. Therewere, however, two cases of chemical meningitis and one of cortical vein and sinus thrombosis. The severity ofthese reactions compare favourably with those that follow air studies on hydrocephalic patients, who are known to be easily upset by any form of interference.
Results
To obtain full information with this test both intraventricular and intrathecal dye injection should be carried out. The results are best considered under their various anatomical groups (Fig. 2) .
(1) Normal Cerebrospinal Fluid Pathway. Only eight children of the series belong to this group. The values obtained after intraventricular are considerably less than those after intrathecal injection. Dye injected into the lateral ventricle, even in a normal ventricular system, is considerably diluted and it then has to flow out into the subarachnoid space before it is absorbed. When the injection is made into the theca, little dilution takes place and absorption begins at once. This accounts for the dye excretion of above 25% after intraventricular, and above 40% after intrathecal, injection in the normal group.
(2) Basal Cistern Block. In these cases, the cerebrospinal fluid is able to reach the subarachnoid space, but is prevented by adhesions from going beyond the basal cisterns.
The results obtained after injection into both sites are below normal, but always more than 5%. The ventricular dye result appears to bear little relation to the level of the basal cistern block, but is more an index of the degree of dilatation of the ventricles and the stasis of the cerebrospinal fluid. The test has been found useful in assessing the results of operation by comparing excretion values before and after. An adaptation of the method is being used with considerable success to select patients for a new form of ventriculo-subdural drainage (Forrest, Laurence and Macnab, 1957) . It is hoped that eventually high excretion rates will be of value in predicting whether a case is likely to arrest naturally or not.
Summary
The method of the urine phenolsulphonphthalein excretion test as used in hydrocephalic children is described. Distinct dye excretion patterns were obtained in 101 patients, corresponding to the anatomical site of the blocks. The test was found of value as an ancillary to good pneumoencephalography; it could replace poor radiographs and gave additional information when there is a combined ventricular and basal cistemal block. The test may prove to be of prognostic value.
